ABSTRACT Background: Maternal diet has been associated with fetal growth outcomes; however, evidence is scarce on the role of dietary quality. Objective: The objective was to assess the effect of diet quality during the first trimester of pregnancy, as measured by the Alternate Healthy Eating Index (AHEI) adapted for pregnancy, on fetal growth. Design: We studied 787 women and their newborns from a Spanish cohort study. Diet quality was assessed by using a modification of the AHEI. Adjusted birth weight, birth length, and head circumference were used as continuous outcomes. We used a customized model to define fetal growth restriction in weight, length, and head circumference. Results: After adjustment of multivariate models, a positive association was observed between diet quality and adjusted birth weight and adjusted birth length. The greatest differences were found between the fourth and first quintiles of the AHEI. Newborns of women in the fourth quintile were on average 126.3 g (95% CI: 38.5, 213.9 g) heavier and 0.47 cm (95% CI: 0.08, 0.86 cm) longer than those in the lowest quintile (P for trend = 0.009 and 0.013, respectively). Women with the highest AHEI scores had a significantly lower risk of delivering a fetal growth-restricted infant for weight (odds ratio: 0.24; 95% CI: 0.10, 0.55; P for trend = 0.001) than did women in the lowest quintile, but this was not the case for fetal growth restriction in length (P for trend = 0.538) or head circumference (P for trend = 0.070). Conclusion: A high-quality diet in the first trimester of pregnancy is associated with birth size and the risk of fetal growth restriction.
INTRODUCTION
Fetal growth restriction (FGR) is an important determinant of children's immediate and future health. It has been associated with an increased risk of infant mortality and morbidity (1) , including poor cognitive and neurologic development (2) , and a higher risk of developing chronic diseases in adulthood (3, 4) .
Evidence suggests that fetal growth is most vulnerable to maternal dietary inadequacies during early pregnancy (5) . Studies in developed countries have found a positive association between fetal growth outcomes and maternal intake of food groups or nutrients such as fruit and vegetables, fish, dairy products, and some vitamins, antioxidants, and fatty acids (6) (7) (8) (9) (10) .
Nevertheless, there is also evidence supporting a negative or noneffect of such foods or nutrients on fetal growth (11) (12) (13) .
Several indexes have been proposed to assess diet quality and examine its global effect on health outcomes (14) ; however, the use of such indexes in pregnant populations is rare. One such index, the Diet Quality Index, was adapted for pregnancy and was used to describe the diets of pregnant women and to assess their quality (15) . Two studies have analyzed the association between maternal diet quality and fetal growth using micronutrient adequacy scores. Both studies reported positive associations, although the study sizes were small; one of them did not perform anthropometric measures at birth but some weeks later, and neither study took into account FGR according to customized anthropometric measurements (16, 17) . The Project Viva, to our knowledge, is the only study that has used an adaptation for pregnancy of the Alternate Healthy Eating Index (AHEI) to assess diet quality and its association with pregnancy outcomes. A lower risk of small-for-gestational-age (SGA) was found with increasing scores of AHEI for pregnancy (AHEI-P) in the first trimester of pregnancy, but the relation was statistically nonsignificant (18) .
In our own cohort we found beneficial effects of some specific food groups on fetal growth (19, 20) . However, from a public health perspective, it would be helpful to gather evidence on the effects of the quality of dietary intake as a whole and not only of specific dietary components. As a part of the collaborative cohort study INMA [Infancia y Medio Ambiente (Childhood and Environment)] (21), we assess in this article the association between diet quality during the first trimester of pregnancy and fetal growth outcomes in newborns from a population-based mother and child cohort study from Valencia, Spain.
SUBJECTS AND METHODS

Study population
The present study was based on data from the Valencia birth cohort-a subproject of the INMA study (21) , which is a collaborative mother and child cohort that was formed in Spain in 2003. The mother's recruitment and follow-up procedures were described in detail elsewhere (20) . In brief, pregnant women from a well-defined geographic area in the Valencia province, attending the first prenatal visit in La Fe Hospital, were recruited before week 13 of gestation. From February 2004 to June 2005, 840 of 1563 eligible women were included in the study (54% participation rate). Participants were similar to nonparticipants in age and educational level, but the former were more likely to work at the time of the proposal. The final analysis included 787 women who gave birth to a singleton live infant between May 2004 and February 2006. The study protocol was approved by the Ethics Committee of La Fe Hospital (Valencia, Spain).
Fetal growth assessment
Information on anthropometric measures at birth was obtained from the hospital delivery logs and medical records. Birth weight was measured just after birth, whereas birth length and head circumference were measured during the first 12 h. Gestational age was established on the basis of the date of the last menstrual period (LMP) self-reported by the mothers and corrected by ultrasound. An early ultrasound of the crown-rump length was available and used for gestational dating, when the difference in the LMP was 7 d, which occurred in 12.5% of women. Outcome variables were birth weight (aBW), birth length (aBL), and head circumference (aHC) adjusted for gestational age by using the residuals method (22) . We estimated FGR in weight (FGR-w), length (FGR-l), and head circumference (FGR-hc) based on constitutional growth potential, to differentiate growthrestricted newborns from those constitutionally small. To define FGR we predicted birth weight, length, and head circumference using a customized model, taking into account parental (maternal preconception weight, height, and parity and paternal height) and newborn variables (sex and gestational age) (23) . Subsequently, we classified as FGR-w, FGR-l, and FGR-hc those newborns below the lower limit of the CI for such predictions at 80%.
Dietary assessment
We used a food-frequency questionnaire (FFQ), administered by trained interviewers, with 100 food items to assess usual food and nutrient intakes during the first trimester of pregnancy. We asked how often, on average, participants had consumed a particular amount of a specific type of food from the LMP until the time of the interview (10-13 wk). The FFQ was an adapted version of Willett's questionnaire (24) that we developed and validated for use among adults living in Spain (25, 26) . Standard units or serving sizes were specified for each food item. The questionnaire had 9 possible answers, ranging from "never or less than once per month" to "6 or more times per day." The response to each food item was converted to the average daily intake for each participant. Nutrient values were primarily obtained from the US Department of Agriculture food-composition tables and other published sources (27, 28) . We calculated nutrient intakes by multiplying the frequency of consumption for each food item by the nutrient composition of the portion size specified on the FFQ and by summing across all foods to obtain a total nutrient intake for each individual. We used the residual method to estimate calorie-adjusted values for nutrient intakes (29) . The AHEI score was estimated based on the criteria of McCullough et al (30) with the use of food items and nutrient estimates derived from the FFQ. Briefly, the AHEI consists of 9 items with a maximum possible score of 87. To make the index more appropriate for our pregnant population, we excluded the last 2 items: alcohol intake and longterm multivitamin use. Furthermore, we added folate, iron, and calcium intakes from foods as 3 separate items given their relevance during the pregnancy period, in accordance with the adaptation of the AHEI-P used in Project Viva (18) . Therefore, the AHEI modified for pregnancy was composed of 10 items. The criterion for obtaining the maximum score regarding these 3 components was based on the Institute of Medicine dietary reference intakes (31) (32) (33) for calcium (1000 mg/d), iron (27 mg/d), and folate (600 g/d). For each component, 10 points were awarded if ideal intake criteria were accomplished, whereas 1 point was subtracted for each 10% decrease in intake. Thus, the maximum possible score was 100. The decision to disregard alcohol intake as part of the AHEI was made because alcohol is not recommended during pregnancy. We excluded the "long-term multivitamin use" item because it is not a common practice in the Spanish population and because a considerable proportion of pregnant women follow specific recommendations on supplements use.
The AHEI score was divided into quintiles to express the degree of diet quality, the first quintile being the lowest quality and the fifth quintile being the highest. It also allowed us to account for a nonlinear relation with fetal growth outcomes.
Covariates
Information on sociodemographic factors, parental anthropometric measures, maternal smoking, and newborn-related variables was obtained from a questionnaire administered in the first and third trimesters of pregnancy (approximately weeks 12 and 32) and from maternal and neonatal medical records. Average alcohol and caffeine intakes were estimated from the specific items of the FFQ for alcoholic drinks and for beverages and foods containing caffeine. We also included as covariates the use of multivitamins containing calcium, iron, and folic acid during the first trimester of pregnancy. Date of first use, frequency of use (times/wk), dose, and brand names of supplements were collected through a structured questionnaire at week 12 of gestation. The average daily dose of these micronutrients from vitamin supplements was estimated.
The variables were classified as follows: age at recruitment (,25, 25-29, 30-34, 35 y), country of origin (Spanish, Latin American, others), educational level (up to primary school, secondary school, university degree), working status during pregnancy (yes, no), smoking in pregnancy (never, first trimester only, entire pregnancy), alcohol intake (none, ,1 g/d, . 1 g/d), caffeine intake (,100, 100-199, 200 mg/d), iron-containing supplement use (yes, no), calcium-containing supplement use (yes, no), folic acid-containing supplement use (no, 1 mg, .1 mg/d), mother's height (continuous), prepregnancy weight (continuous), prepregnancy body mass index (BMI; in kg/m 2 ) (,18.5, 18.5-25, .25), weight-gain during pregnancy according to the Institute of Medicine guidelines (34) (low, recommended, high), and parity (0, 1, 2). The socioeconomic status of pregnant women was defined in 3 occupational categories according to their current or most recent occupation, following a widely used Spanish adaptation of the British classification system (I+II, III, IV+V) (35) . Twelve women who were housewives were classified according to their husband's occupation. Socioeconomic status I+II was the highest category (the most affluent participants), and IV+V was the lowest. We also took into account the father's height reported by the mother (continuous) and the infant's sex (male, female).
Statistical analysis
Univariate analysis was performed to explore the relation between birth outcomes and maternal characteristics by analysis of variance (ANOVA). We also analyzed the differences in birth outcomes, according to quintiles of the AHEI using ANOVA to compare the means of continuous variables and chi-square tests for categorical variables. Tukey's post hoc test was used to contrast pairwise differences between AHEI quintiles. Results were expressed as percentages or means 6 SDs. The association between quintiles of the AHEI and birth outcomes as continuous variables (aBW, aBL, and aHC) was examined by multiple linear regression and as dichotomous variables (FGR-w, FGR-l, and FGR-hc) by multiple logistic regression. The AHEI variable was forced into the models, and its effect was adjusted for all the potential confounders considered. We then checked the change in R 2 in linear regressions, or the likelihood ratio test in logistic regressions, for each covariate manually and retained in the models those factors related to the outcome at a P value ,0.20. All analyses were conducted by using the SPSS statistical software package, version 15 for Windows (SPSS Inc, Chicago, IL).
RESULTS
The characteristics of the 787 women and their newborns are reported in Table 1 . In the whole sample, aBW, aBL, and aHC values were 3324.1 6 431.6 g, 50.5 6 1.8 cm, and 34.3 6 1.3 cm, respectively. The prevalences of FGR-w, FGR-l, and FGRhc were 9.9%, 8.7%, and 9.2%, respectively (data not shown). Women who were older, of Latin American origin, of a higher socioeconomic status, who had a BMI . 25, were taller, or were multiparous had newborns with a higher aBW ( Table 1) . Women who smoked throughout pregnancy, those with weight gain below the recommended guidelines, and those who gave birth to girls had children with a lower aBW. Adjusted birth length showed similar patterns, although the associations were significant for only smoking habit, parity, gestational weight gain, sex of newborn, and maternal height. Low educational level of the mother, lower socioeconomic status, smoking throughout pregnancy, 1 g alcohol intake/d during the first trimester, low gestational weight gain, and short stature of the mother were also associated with a reduced aHC. Newborns of shorter fathers had lower anthropometric measurements ( Table 1) .
The mean AHEI score was 54.3 (range: 35-75). A one-factor ANOVA showed that the only sociodemographic variable related significantly to diet quality was maternal age. Older women had higher mean scores for AHEI (P , 0.001). There was a trend for smoking habit and education level. Less educated women and those who smoked throughout pregnancy scored lower in the index (P = 0.093 and 0.103). The univariate analyses between birth outcomes and AHEI scores obtained by women participating in the study are reported in Table 2 . Mean aBW and aHC were higher in children born to women in the 2 highest categories of AHEI (best diet) than in those with the lowest scores, whereas aBL was significantly higher only in children born to women in the fifth quintile of AHEI compared with those with the poorest diet. The incidence of FGR-w decreased significantly in women with the best diet quality when contrasted with the group with the worst scores for the index.
The results of multiple linear regression analyses between AHEI in quintiles and neonatal anthropometric measurements as continuous variables are shown in Table 3 . When we adjusted for covariates, mothers in all categories of AHEI had heavier children than did those in the reference category (P for trend = 0.009). The greatest difference was found between the fourth and first quintiles, with newborns of mothers in the fourth quintile of AHEI weighing on average 126.2 g more (95% CI: 38.5, 213.9) than those of mothers with the lowest AHEI scores. Concerning birth length, newborns of mothers in the 2 highest quintiles were 4 mm longer than those of mothers in the lowest quintile of diet quality (P for trend = 0.013). Women in all categories had newborns with larger aHC values than did those of women in the lowest AHEI quintile; however, no clear trend was observed (P for trend = 0.078).
The results of multiple logistic regression analysis of the associations between the AHEI and FGR outcomes in women with the lowest-quality diet as the reference group (first quintile) are shown in Table 4 . After adjustment for potential confounders, women in the third, fourth, and fifth quintiles had a significantly lower risk of having an FGR-w newborn than did women in the lowest quintile (P for trend = 0.001). Overall, the diet quality index was not associated with FGR-l nor FGR-hc. A lower risk of FGR-hc was observed in every quintile of AHEI compared with the reference quintile; however, it was not possible to observe a clear trend or to find statistical significance (P for trend = 0.070).
DISCUSSION
We observed a significant increase in birth weight and length in newborns of women with better diet quality during the first EFFECT OF DIET QUALITY ON FETAL GROWTH trimester of pregnancy, as measured by the adapted AHEI, compared with those born from women with the lowest scores. Moreover, the group of women with the highest AHEI scores had the lowest risk of delivering a fetal-growth-restricted infant for weight. For head circumference, a trend was found with lower risk at higher quintiles of AHEI, although it was not statistically significant.
The relation between diet quality as measured by dietary indexes and fetal anthropometric measures was previously analyzed, to our knowledge, in 3 studies from North America (16) (17) (18) . In the United States (16), a significant association was found between diet quality and aBW on the basis of a nutrient adequacy ratio score (nutrient adequacy ratio index). In Canada (17), aBL but not aHC was associated with diet quality on the basis of the Mean Adequacy Ratio score. Nevertheless, we cannot make a straightforward comparison because anthropometric measures in that study were not measured at birth but 2 wk later, and postnatal growth could have caused a different effect on the estimations.
Project Viva (18), the only study to our knowledge that has used an adaptation of the AHEI to explore the relation between diet and fetal growth, found a slight and nonsignificant decrease in the risk of SGA (weight) for each 5-point increase in diet quality (odds ratio: 0.92; 95% CI: 0.82, 1.02). We reproduced the analysis made by the Viva cohort for comparative purposes and found a significant and more important reduction in the risk of FGR-w for each 5-point increase in the AHEI score (odds ratio: 0.70; 95% CI: 0.59, 0.85). It is important to consider that FGR according to customized anthropometric measurements was not taken into account in Project Viva. Besides, the different modifications made to the AHEI in both cohorts could explain in part the different results. The Viva study excluded the alcohol-intake and multivitamin-use items, as we did. Additionally, in both AHEI adaptations, the intakes of folate, calcium, and iron from foods were added because of their benefits to fetal growth. However, contrary to the AHEI-P, we decided to keep the nuts and soy item as in the original AHEI. Nut intake is common in our Mediterranean population, nuts are a good source of essential nutrients, and it was unlikely in our context that pregnant women reduced their consumption of nuts because of allergen sensitization.
Furthermore, one of the AHEI-P's drawbacks is that it takes into account calcium, iron, and folate intakes only from foods and not from supplements, which might not reflect the real nutritional status of the mother. In our cohort, '50% of the women were taking multivitamin supplements during the first trimester of pregnancy, and it is likely that they could attain adequate intakes by taking supplements. We addressed this problem by considering as covariates the use of multivitamins containing the abovementioned micronutrients and adjusting for such covariates in the models. 3 P values obtained by using ANOVA. 4 Socioeconomic status was divided into 3 occupational categories according to current or most recent occupation by using a widely used Spanish adaptation of the British classification system. The socioeconomic levels are defined as follows-I: managerial and senior technical staff and freelance professionals; II: intermediate occupations and business managers; III: skilled, nonmanual workers; IV: skilled and partly skilled manual workers; V: unskilled, manual workers. Three categories (I+II, III, and IV+V) were used in our analysis.
5 Categories according to 1990 Institute of Medicine guidelines (31). Despite not being initially aimed at a pregnant population, the AHEI was modified to measure the quality of the diet in our population of pregnant women for 2 main reasons. First, it contains many of the foods and nutrients that have been related to fetal growth (7, 10, (36) (37) (38) and that appear in dietary guidelines for pregnant women (39) . Second, the inclusion of micronutrients relevant during the pregnancy period should make this adaptation of the AHEI more appropriate and probably increase its validity, as has been suggested by others (40) . Whereas we do not provide direct evidence that AHEI is a valid tool for assessing diet quality in pregnant women, it has been shown that higher scores of HEI (the index on which the AHEI was based) were strongly associated not only with a greater dietary variety and intake of fruit, fiber, folate, and vitamin C, but also with higher plasma concentrations of several carotenoids and vitamin C (41). It has also been found that women with higher HEI scores are more likely to be older, to be better educated, and to have higher incomes, which partially agrees with our data (40) . In addition, the capacity to predict disease outcome, as we showed, may offer indirect qualitative support for the validity of the modified AHEI as an index of diet quality (29, 40) . The alternative Mediterranean Diet Score might be considered more suitable for a Mediterranean population. However, the AHEI components are similar to the ones contained in the alternative Mediterranean Diet Score (42), although the latter awards scores depending on the median 2 Adjusted for country of origin, smoking status, parity, weight gain during pregnancy, infant sex, log maternal prepregnancy BMI, and maternal and paternal height.
3 P values obtained by using a t test. 4 Adjusted for maternal height, paternal height, log prepregnancy BMI, weight gain during pregnancy, parity, smoking status, caffeine intake during the first trimester, and infant sex.
5 Adjusted for educational level, smoking during pregnancy, alcohol intake during the first trimester, caffeine intake during the first trimester, parity, weight gain during pregnancy, infant sex, log maternal prepregnancy BMI, maternal and paternal height, calcium supplement use, and use of iron supplements.
6 P values obtained by the change in R 2 . 7 P values obtained by trend test.
intake of the study subjects and does not allow reproducibility across different populations.
Regarding the effect of components of the AHEI in wellnourished populations, few studies have examined more than one fetal growth outcome and evidence has not always been conclusive. A previous study in the INMA cohort (20) found a nonmonotonic significant relation between birth weight and vegetable consumption in early pregnancy. Association with birth length was marginally significant. Furthermore, the risk of SGA in weight and length was reduced in mothers with the highest consumption of vegetables. Concerning the white-to-red-meat component, women who chose fish and poultry over red and processed meats obtained higher AHEI scores. A reduction in the risk of SGA in weight with increasing maternal fish intake has been reported (6, 7) . Polyunsaturated fatty acids contained in fish and seafood are thought to be responsible for this association. However, an increased risk of SGA in weight, length, or head circumference was associated with higher intakes of fatty fisha known source of exposure to persistent organic pollutants and methyl mercury (19, 43) . Besides, there is evidence of an inverse association between trans fatty acids and length of gestation and fetal growth (11) . It has been suggested that one of the ways that trans fatty acids may affect growth is through inhibition of the desaturation of linoleic acid and a-linolenic acid to arachidonic acid and docosahexaenoic acid, which are critically important in pre-and postnatal growth and development (12) . The AHEI includes polyunsaturated over saturated fat and trans fatty acids intakes among its items.
When considering the global effect of diet quality on fetal growth reported in this study, it is important to bear in mind that inadequate intakes of micronutrients considered important for fetal growth, such as iron, folic acid, calcium, and zinc, have been reported in populations considered well nourished (44) (45) (46) . Studies that have assessed diet quality in women have found that an increase in scores of dietary indexes is related to higher intakes of fiber, folate, calcium, iron, and zinc among others (15, 41) . Therefore, it is possible that an improvement in diet quality, as measured by the modified AHEI, reflects higher intakes of such nutrients, which leads to improved fetal growth even in women who live in developed countries.
In our study, one possible limitation was the low participation rate (54%). This limitation, however, could have affected the description of dietary patterns in a population but not the direction of the association between a healthy diet and fetal growth found in our study. Moreover, the only sociodemographic variable significantly associated with adherence to the AHEI was mother's age, with the youngest women having the poorest diet. There were no significant differences regarding sociodemographic characteristics between the women who participated in the study and those who refused to do so, except for working status. Because this variable was not related to either AHEI scores obtained by women or to the birth outcomes considered, it is unlikely that selection bias could have had a significant effect on our results. Another limitation of the study was the likelihood of measurement error in the diet estimates from the FFQ. Although the FFQ used has not been validated in the study population, it was validated in an adult population of the study area (25) One of the strengths of the present study was the collection of data prospectively and through face-to-face interviews by trained interviewers. Furthermore, there was only a 4% loss to follow-up from inclusion to delivery, which ensured the internal validity of the study results. Additionally, the criteria for defining FGR were based on the prediction of individual constitutional growth potential, adjusting for some parental and newborn variables. This model allowed us to classify neonates as fetal growth restricted and to differentiate them from those being only constitutionally small (23) .
Our findings suggest that improved diet quality during pregnancy favors fetal growth, increases birth size, and reduces the risk of FGR, especially for weight. Further research is needed to assess which adaptation of the AHEI best reflects diet quality during pregnancy by not only taking into account specific recommendations for essential micronutrient intakes, but also for foods and supplements use. Finally, from a health education perspective, the assessment of diet quality as a whole may be a useful tool for nutrition communication during pregnancy to prevent undesired birth outcomes and their immediate and longterm consequences on health and development.
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